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Title: Predicting disease behaviour, outcomes and treatment response in children with 
Inflammatory Bowel diseases 
 

 
 

Background: Inflammatory bowel diseases (IBD) are conditions causing chronic relapsing gut 
inflammation of the large bowel (Ulcerative Colitis-UC) or the entire intestinal tract (Crohn’s 
Disease-CD). These can affect any age group, but are increasing in children and young adults with 
approximately 25% of all patients now being diagnosed in childhood1. Although our understanding 
of disease pathogenesis remains incomplete, genetic predisposition, the gut microbiome and 
environmental triggers are recognised as major factors contributing to the observed alteration in 
the inflammatory response. More recently, we and others have put forward “Epigenetics” as a key 
mechanism mediating genetic, microbial and environmental effects to either initiating and/or 
maintaining chronic intestinal inflammation2, 3.   
The course of IBD varies substantially between individuals, ranging from mild disease requiring 
minimal treatment, to a severe, treatment-resistant course. The latter is characterised by frequent 
relapses requiring rapid escalation of increasingly potent immunosuppressive therapy as well 
extensive surgical intervention. Currently available medications are mainly immunosuppressants or 
modulators that variably target the systemic immune response. Despite exhaustive studies to 
determine predictors of disease behaviour4, we are currently still unable to advise children and 
parents at the point of diagnosis on disease outcomes or the likely response to specific treatment 
options and hence are unable to propose an individualised treatment strategy. Hence, current 
treatment strategies, both in adults and children, follow a so-called ‘step-up’, i.e. a ‘treat-to-
symptom’ approach that involves a standardised, incremental treatment response according to 
symptoms (for all patients). As a consequence, a large proportion of patients either receive 
unnecessarily potent medications risking potentially life-threatening side effects, while others are 
being treated inadequately (i.e. “under treated”). Moreover, increasing evidence suggests that 
early stratified treatment of risk groups (i.e. severe disease phenotype) is likely to improve long-
term disease outcome5.  
 
This project aims to develop and apply novel bioinformatics/biostatistics approaches to a 
detailed genomic, epigenomic and phenotypic dataset obtained from a prospectively 
recruited cohort of children with IBD and healthy controls in order to:  

1) Identify biomarkers that allow predicting disease behaviour, outcomes and monitor 
response to treatment. 

2) Investigate the functional relationship between genotype, epigenotype and 
phenotype in highly purified, disease relevant cell samples. 

 
Results of this study have the potential to be immediately applicable to clinical practice by 
allowing stratified/personalised treatment regimens to be implemented ultimately improving 
disease outcomes.  
 
Patient cohort, tissue samples and datasets: The Department of Paediatric Gastroenterology at 
Addenbrookes Hospital, Cambridge University, is the largest tertiary referral centre in the East of 
England leading the care of >200 children diagnosed with IBD. Over the last 15 months we have 
recruited >100 children (IBD patients and matched healthy controls) into our research study 

BRC Principal Investigator:  
Matthias Zilbauer MD PhD MRCPCH  
University Department of Paediatrics 
Level 8, Addenbrooke's Hospital, Box 116 
Hills Road, Cambridge, CB2 0QQ  
Phone: +44 (0) 1223 336889 
E-mail: mz304@medschl.cam.ac.uk 
Website(s):   
http://paediatrics.medschl.cam.ac.uk/about-us/people/senior-
academic-staff/dr-matthias-zilbauer 
http://www.immunology.cam.ac.uk/directory/mz304@medschl.c
am.ac.uk  
	  

EBI Principal Investigator:  
Oliver Stegle PhD  
The EMBL-European Bioinformatics Institute  
Wellcome Trust Genome Campus  
Hinxton, Cambridge CB10 1SD 
Phone: +44 (0) 1223 494 101 
E-mail: stegle@ebi.ac.uk 
Website(s):   
http://	  http://www.ebi.ac.uk/about/people/oliver-stegle 
 
	  



	   	   	   	   	   	   Stegle/Zilbauer 

	   2 

(GEPaedGI – Genomics and Epigenetics in Paediatric GI and Immune Mediated Disease, REC: 
12/EE/0482) obtaining the following tissue samples/purified cell subsets from each patient:  

• Purified intestinal epithelium from 3 gut segments (small bowel and 2 x large bowel)  
• Adjacent gut microbiota from each gut segment 
• Purified CD8+ T-cells (specific expression profiles for this cell subset have been identified 

as disease prognostic biomarker in adult IBD patients and other auto-immune diseases) 
• Whole blood and serum 

 
Patients were recruited at the time of diagnosis (treatment naïve) and are followed up regularly 
providing detailed clinical outcome data as well as the opportunity to obtain longitudinal blood 
samples up to 3 times per year at various disease stages (i.e. in remission, during relapsing 
disease) and treatment regimens.  
 
The following datasets will be available for a selected subset of these samples:  

• Genome wide DNA methylation profiles (Illumina K450 arrays) 
• 16s microbial profiling of gut microbiome 
• Genome wide expression profiles (Affymetrix Gene ST arrays) 
• miRNA profiles (NGS of purified miRNAs) 
• Genotyping (Illumina HumanOmniExpress 24 + NGS for a subset) 

 
Statistical approaches for biomarker identification 
Motivated by the datasets available in this study, we will develop new ways to jointly analyze the 
data across omics layers to determine maximally predictive biomarkers. To this end, we will build 
on methods and expertise in the Stegle group to detect associations with gene expression levels 6, 
which remove complex noise from the data thereby increasing power. Here, we will leverage these 
principles to incorporate complex cofactors and covariates, both observed (clinical meta 
information) and unobserved (batch, environment), thereby increasing the sensitivity to detect 
biomarkers that are predictive for treatment progression. Initially, we will consider individual assays 
(i.e. DNA methylation, gene expression, miRNA profiles and microbiota) independently to screen 
for predictive markers per assay. Subsequently, the aim is to integrate the whole spectrum of 
molecular assays as well as different cell types (i.e. T-cells and purified intestinal epithelium). To 
maximize the translational potential of the molecular signatures identified, we will consider 
information-efficient reduction approaches to reduce the signatures to a minimal assay, thereby 
setting the basis for the development of new diagnosis approaches. 
 
Leveraging randomized genetic perturbations to dissect molecular networks A second 
direction we plan to pursuit is utilizing randomized genetic perturbations to investigate the 
functional relationship between genotype, epigenotype and phenotype. Although genetic risk in 
itself is relatively small in IBD 3, we will leverage genetic effects on molecular traits as an ancer 
point to build directed molecular networks7. When used on datasets obtained from purified, disease 
relevant cell samples, these directed molecular signatures will yield valuable insights into the 
mechanisms that underlie IBD, complementing the associative signatures from the biomarker 
discovery stage. 
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